Objective-To determine whether a raised incidence of leukaemia in the Dounreay area occurred in children born to local mothers (birth cohort) or in those who moved to the area after birth (schools cohort) and also whether any cases of cancer have occurred in children born near Dounreay who may have moved elsewhere.
Introduction
In 1986 a higher than expected incidence of leukaemia was observed in young people resident in the vicinity of the Dounreay nuclear reprocessing plant. This finding arose in a study carried out in anticipation of a local public inquiry into a proposed development of the plant. ' " Results of the study were referred to the Committee on Medical Aspects of Radiation in the Environment (COMARE) for further consideration. The committee accepted the evidence of a raised incidence ofleukaemia in young people in the Dounreay area and made two recommendations for further epidemiological studies. 4 The first of these, a casecontrol study of young people registered as cases of leukaemia or non-Hodgkin's lymphoma, investigated a range of potential risk factors and has been presented elsewhere. 5 The committee also called for a study of birth and schools cohorts to determine, firstly, whether the excess of leukaemia cases occurred in children born to mothers resident in the Dounreay area or in children who moved to the area after birth and, secondly, whether any cases occurred in children born near Dounreay who may have moved elsewhere. This paper reports the results of an investigation of cancer incidence in birth and schools cohorts in the Dounreay area, carried out in response to the second COMARE recommendation.
The sequence of investigation described above mirrors very closely that already undertaken in relation to the Sellafield nuclear fuel reprocessing plant in West Cumbria. Indeed, the rationale and aims of the present study are identical to those described by Gardner et al in two papers reporting studies of birth and schools cohorts in Seascale, a civil parish near the Sellafield plant. 67 Gardner et al pointed to two methodological weaknesses in earlier studies of cancer incidence and mortality in the Sellafield area89 that also apply to the Dounreay incidence studies. Firstly, in conventional geographical analyses of disease incidence the person years for the risk of contracting the disease in the area of interest are estimated either from population estimates for large administrative areas or, if these are not available, by interpolation ofcensus counts between census years. In the Dounreay studies the interpolation method was used. However, population estimates derived in this way cannot take account of variations in the local birth rate that might influence the person years at risk in young age groups. Furthermore, the Dounreay area has been shown to have experienced rapid demographic change in the 1960s.'°Large numbers of young families settling in an area in a relatively short period of time might result in an unusual or unstable pattern of births. The cohort (follow up) approach overcomes these potential problems by linking incident cases directly to population denominators. Secondly, the earlier Dounreay studies were based on children's places of residence at the time of diagnosis. This means that cases that might have been diagnosed in children who moved from the area were not included in calculating the local incidence of leukaemia. Conversely, cases in children moving to the Dounreay area before diagnosis would have been included.
The Seascale cohort studies showed that the excess leukaemia mortality in children resident in the parish had occurred mainly in those who were also born there.67 More recent evidence from the case control study of leukaemia in West Cumbria suggests that the excess incidence of childhood leukaemia in Seascale might be explained by occupational exposures of fathers to radiation in the period immediately before conception. " Taken together, these observations suggest that place of birth might be more important than place of residence at the time of diagnosis in the aetiology ofchildhood leukaemia. The cohort approach used in this study addresses the question of place of birth by treating as two distinct groups those born in the Dounreay area and those who attended school there, having been born elsewhere.
The Sellafield and Dounreay sites differ from most other nuclear installations in that both are involved in reprocessing spent nuclear fuel. Although there are important differences in levels of discharges to the environment, the similarity of the plants' operations has been interpreted as potentially important in attempting to reach an explanation for the higher than expected incidence of leukaemia observed near both sites. This paper aims to present an analysis of cancer incidence in birth and schools cohorts in the Dounreay area which, within the constraints of the availability of basic data, is comparable with the Seascale cohort studies. Permission to extract identifying information from the records was sought from head teachers and this was granted in every case. The figure shows the boundaries of the areas chosen for analysis and the locations of the schools included in the study. Children's full names (including second forenames and alternative surnames where recorded), sex, date of birth, and year of admission to school were keyed directly from photocopies of admission books for the period up to the end of 1988. These records were then verified and checked clerically in preparation for data analysis. Table II shows the numbers of admissions to each school.
Methods

BIRTH RECORDS
Registrations of births in Scotland are held by the General Register Office (Scotland) in the form of computer records from 1969. Before 1974 births were required to be registered in the registration district in which they occurred. Thereafter births could be registered at any office, often the nearest to a mother's usual place of residence. However, Scottish birth records contain allocation codes indicating mother's usual place of residence. These are based on districts of county and small burghs before 1974 and postcodes thereafter. Thus the general registrar office was able to supply a listing of births to mothers resident in the study area from which the child's full name, sex, date of birth, registration district, and entry number were abstracted. Table III rates. In the birth cohort five registrations were found compared with 5-8 expected (a ratio of 0-9; 95% confidence interval 0 3 to 2 0). All five cases were of leukaemia (2-3; 0 7 to 5 4). One case had originally been registered as non-Hodgkin's lymphoma and all were previously known to COMARE. cases found in the birth cohort, but all five cases in the birth cohort were registered in 1979-83. In the schools cohort, the existence of only three cases means that it is unlikely that there would be any discernible patterns, but, as with the cases in the birth cohort, all three occurred after 1979. School of first admission was not of interest even when the schools attended by children in the birth cohort were considered. One of the five birth cohort children died before school age, two attended Pennyland school, and the remaining two attended Lieurary and Castletown schools.
Discussion
The first aim of this study was to consider whether the excess of registrations of leukaemia and nonHodgkin's lymphoma in children and young adults resident in the Dounreay area occurred in those born there or those who were born elsewhere. We have shown that the incidence of leukaemia and nonHodgkin's lymphoma was raised in both the birth and schools cohorts (observed to expected ratios of 2 3 and 6-7 respectively). The second main aim of the study was to attempt to ascertain cases of leukaemia, nonHodgkin's lymphoma, and other cancers in those born in the Dounreay area who might have moved elsewhere before being registered as cancer cases. No such cases were found.
A secondary intention in this study was to determine the incidence of leukaemia and non-Hodgkin's lymphoma in the Dounreay area on the basis of the exact allocation of person years at risk and the follow up method of ascertainment. Taken separately, the incidence of these diseases in the birth and schools cohorts studied is raised, but significantly so only in the schools cohort. Considered together, the observation of eight cases of leukaemia and non-Hodgkin's lymphoma compared with 2 6 expected on the basis of national rates (3 0; 1-5 to 5 5) is not inconsistent with the eight cases of leukaemia and non-Hodgkin's lymphoma observed in the 25 km zone in the period 1968-84 compared with 3 9 expected (2-1; 1 0 to 3 7) reported by COMARE.4 Thus, even though the mobility of the population at risk has been shown to be high, the incidence rates of leukaemia and nonHodgkin's lymphoma reported in the earlier geographical studies did not overestimate risk in the local population.
CHOICE OF METHOD
The similarities of the operations carried out at Sellafield and Dounreay, even though levels of discharges to the environment were greater at Sellafield, and the findings of raised leukaemia incidence near both sites lead inevitably to the need to consider the results reported here for the Dounreay area in the light of those reported by Gardner et al for Seascale. Important differences in the methodologies used in the two studies must, however, be considered. Ascertainment in the Seascale studies was by manual searches of the NHS central register, principally for notifications ofdeath. In contrast, the present study used computerised methods to link school and birth records to cancer registration records. There were three main reasons for this choice of method. Firstly, the present study included many more subjects: 5785 compared with 2614 in the Seascale studies. Secondly, computerised birth and cancer registration records were available for the period for which school admission records were also available. Thirdly, the improving prognosis for many childhood cancer patients, particularly those with leukaemia (the five year survival rate in the 0-4 age group in Scotland in 1978-82 was 53%), means that incidence data are now a more reliable basis than mortality data for estimating the risk of these diseases. the probability that two linked records relate to the same individual) for those cases expected was 24-6 to 36-6, but any potential matches with scores of 10-0 or more were checked manually. Thus it is unlikely that the absence of any cancer registrations in subjects who move away from the Dounreay area could be an artefact of the method of ascertainment used.
Although an investigation of the levels of population mobility was not one of the aims of this study, the basic results obtained are broadly comparable with those from Seascale. Approximately 30% of children born in the Dounreay area did not attend schools there, compared with 43% in the Seascale studies. Of those assumed to have moved to the Dounreay area after birth, 65% did so before attaining school age compared with 60% in the Seascale studies.
CONCLUSIONS
The main finding of this study is the raised incidence of leukaemia and non-Hodgkin's lymphoma in both the birth and schools cohorts. Although the ratio of leukaemia mortality in the Seascale birth and schools cohorts was not significantly greater than unity, the finding that the majority of cases occurred in the birth cohort and the more recent results of the west Cumbria case control study" focused attention on potential risk factors associated with place of birth rather than place of residence at the time of diagnosis of the cases of leukaemia found in the Seascale and Dounreay areas. The results of the present study and the previously reported case-control study5 suggest that place of birth is not a more important factor than place of residence at diagnosis in the series of cases of leukaemia and nonHodgkin's lymphoma observed in the Dounreay area. Furthermore, no important trends in the years of birth of the cases were found. In an analysis of periods of birth and diagnosis and of sex and age at diagnosis only the period of diagnosis seemed to be important. All eight cases of leukaemia were diagnosed after 1978, six of these in the period 1979-83. The most remarkable features of this series of cases in the Dounreay area remain their concentration in a relatively short period of time and the common diagnosis of leukaemia with a complete absence of all other types of childhood cancer.
